RAGE PLAYS A CENTRAL ROLE IN ATHEROSCLEROSIS AND CARDIOVASCULAR DISEASES

RAGE and Atherosclerosis
In human diabetic atherosclerotic plaques, RAGE was demonstrated to be up-regulated and its expression colocalized with inflammatory markers such as cyclooxygenase 2 and matrix metalloproteinases, particularly in macrophages at the vulnerable regions of atherosclerotic plaques (15, 16) . These findings suggest potential roles of RAGE in human diabetic vascular disease. This hypothesis has been extensively examined in a murine model of accelerated atherosclerosis. In apoE-null mice, induction of diabetes by streptozotocin for six weeks was found to be associated with a significant increase in the atherosclerotic lesion area at the aortic sinus compared with nondiabetic apoE-null mice (17) . This diabetes-associated atherosclerotic lesion has been found to exhibit increased accumulation of AGEs and S100/calgranulins and enhanced expression of RAGE (18) . Daily treatment of the mice with genetically engineered murine soluble RAGE (sRAGE) suppressed diabetes-associated acceleration of lesion area and complexity, an effect that was independent of glycemic and lipid profiles (17) . Similarly, sRAGE was found to prevent progression of atherosclerosis in apoE-null mice with insulin-resistant type 2 diabetes (db/db background). Vascular inflammatory phenotypes, such as overexpression of VCAM-1, tissue factor, and matrix metalloproteinase in the mice, were also prevented by administration of sRAGE (19) . Bucciarelli et al. (20) found that ad-ministration of sRAGE stabilized the atherosclerotic lesion area and complexity at an advanced phase in diabetic apoE-null mice, and suppressed inflammatory markers such as expression of cyclooxygenase 2, VCAM-1, JE-monocyte chemoattractant protein 1, matrix metalloproteinase 9 activity, tissue factor, and phosphorylation of p38 MAP kinase. The role of RAGE in progression of atherosclerosis may be independent of the presence of diabetes, because sRAGE administration was also found to significantly stabilize atherosclerotic lesion area and complexity in nondiabetic apoE-null mice (20) .
RAGE and Impaired Angiogenic Response
In diabetes, progressive vasodegeneration in microvascular beds is the major underlying factor in initiation and progression of vascular complications (21) (22) (23) . Recent observations in diabetic patients and diabetic animals also indicated that an increase in cardiovascular events and severity in diabetes can be associated with impairment in angiogenic response or development of new collateral vessels in response to local ischemia and/or inflammation (24) (25) (26) (27) . The AGE-RAGE axis has been found to be involved in impaired angiogenic responses in diabetes. Goova et al. (28) demonstrated that blockade of RAGE by sRAGE restores effective wound healing in diabetic mice. Tamarat et al. (29) demonstrated that blockade of AGE formation by aminoguanidine improves ischemia-induced angiogenesis in diabetic mice. Recently, ablation of galectin-3, a receptor for AGEs, has been shown to abolish the AGE-mediated increase in retinal ischemia and restore the neovascular response to that seen in controls (27) .
To directly examine the role of RAGE in impairment of angiogenic response in diabetes, we compared angiogenic response in diabetic RAGE-null or wildtype mice (30) . We found that angiogenic response determined by matrigel-plaque assay containing vascular endothelial Figure 1 . Numerous truncated forms of RAGE. There are three major spliced variants of RAGE: full length, N-terminally truncated, and C-terminally truncated. The C-terminally truncated form of RAGE is secreted from the cell and is named endogenously secreted RAGE (esRAGE). esRAGE has a V-domain, which is essential for binding with ligands, and is capable of competing with RAGE signaling as a decoy receptor. There are other forms of soluble RAGE (sRAGE) that are cleaved from cell-surface RAGE by matrix metalloproteinases. The ELISA assay for sRAGE measures all soluble forms including esRAGE in human plasma, while the ELISA for esRAGE measures only esRAGE, using polyclonal antibody raised against the unique C-terminus of the esRAGE sequence.
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growth factor (VEGF) in streptozotocintreated diabetic mice was significantly decreased compared with that of nondiabetic mice. In sharp contrast, in RAGEnull mice the angiogenic response of diabetic mice was not significantly different from that of nondiabetic mice ( Figure 2 ). The impairment of angiogenic response in diabetes was associated with RAGE-mediated decreases in proliferation and increases in cell death ( Figure 3A ). The changes in cellular function were associated with activation of NF-κB in vascular cells. In this model, expression of VEGF was found to be decreased in diabetic mice ( Figure 3B ). The decrease in expression of VEGF in diabetes, however, was also observed in RAGE-null mice ( Figure 3B ). This result was in good agreement with an in vitro finding that a decrease in VEGF secretion in smooth muscle cells cultured on glycated type 1 collagen was again independent of the presence of RAGE (Figure 3C) . These results suggest that the RAGE-mediated decrease in angiogenic response in diabetes is not necessarily explained by regulation of proangiogenic factors such as VEGF.
RAGE and Neointimal Expansion after Arterial Injury
In addition to the acceleration of atherosclerosis and impairment of collateral new vessel formation, diabetic subjects have demonstrated accelerated responses to arterial injury (i.e.; therapeutic angioplasty) (31, 32) , which is associated with an increase in neointimal formation, enhanced vascular smooth muscle cell proliferation and migration, and production of extracellular matrix. The augmented response to arterial injury in diabetes has been shown to be associated with RAGE, because administration of sRAGE caused decreased neointimal expansion in hyperglycemic fatty Zucker rats (33) . In nondiabetic RAGE-null mice, Sakaguchi et al. (34) showed that RAGE also plays an important role in neointimal expansion induced by arterial injury. Even in nondiabetic mice, RAGE transcripts in smooth muscle cells were found to be in-creased by arterial endothelial denudation, which was associated with induction of S100 transcripts and CML-modified AGE adducts (34) .
RAGE Modifies Functions of Inflammatory Cells
It is now well recognized that mononuclear cells, such as lymphocytes and monocytes/macrophages, play fundamental roles in the progression of atherosclerosis (35) . Through RAGE, AGEs, S100A12, and HMGB1 can bind to mononuclear phagocytes and modify their functions, including cell activation, chemotaxisis, transendothelial migration, and expression of key inflammatory mediators (5, (36) (37) (38) . Inhibition of RAGE has been found to markedly decrease infiltration of immune and inflammatory cells, such as CD4 + T cells, leading to suppression of autoimmune encephalitis (39), autoimmune diabetes (40) , and allograft rejection (41) . HMGB1, an essential component of DNA-containing immune complexes that stimulated cytokine production in plasmacytoid dendritic cells and B cells, was also found to involve RAGE and toll-like receptor 9, which is implicated in the pathogenesis of systemic autoimmune diseases (42) .
RAGE also functions as an endothelial adhesion receptor promoting leukocyte recruitment (10) . In an animal model of thioglycollate-induced acute peritonitis in both nondiabetic and diabetic mice, leukocyte recruitment was significantly impaired in RAGEdeficient mice compared with wild-type mice. In addition, RAGE-dependent leukocyte adhesion to endothelial cells was mediated by a direct interaction of RAGE with the β2-integrin Mac-1, and the RAGE-Mac-1 interaction was augmented by the proinflammatory S100protein. Orlova et al. (43) recently defined a novel function of HMGB1 in promoting Mac-1-dependent neutrophil recruitment, which requires the presence of RAGE on neutrophils but not on endothelial cells. HMGB1 was also found to enhance the interaction between Mac-1 and RAGE. Consistently, HMGB1 stimulated in a RAGEdependent manner activation of Mac-1, Mac-1-mediated adhesive and migratory functions, and activation of NF-κB of neutrophils. Taken together, these findings demonstrate that RAGE plays a pivotal role as a proinflammatory molecule acting at the sides of both inflammatory and endothelial cells, which may underlie part of the mechanism in progression of atherosclerosis.
sRAGE, THE C-TERMINALLY TRUNCATED FORM OF RAGE
Numerous truncated forms of RAGE have recently been described (44-48) (Figure 1 ). Two major spliced variants of RAGE mRNA, N-terminal and C-terminal truncated forms, have been most exten-sively characterized (45) . The N-truncated isoform of RAGE mRNA codes for a 303amino-acid protein lacking the N-terminal signal sequence and the first V-like extracellular domain. The N-truncated form is incapable of binding with AGEs, because the V-domain is critical for binding of the ligand (1) . The N-truncated form of RAGE appears to be expressed on the cell surface, similarly to full-length RAGE, although its biological roles remain to be elucidated (49) . This form of RAGE has been suggested to be involved in angiogenic regulation in a fashion in-dependent of the classical RAGE signaling pathway (49) .
The C-terminal truncated form of RAGE lacks the exon 10 sequences encoding the transmembrane and intracytoplasmic domains (45) . This spliced variant mRNA of RAGE encodes a protein consisting of 347 amino acids with a 22-amino-acid signal sequence, and is released from cells. This C-truncated form is now known to be present in human circulation and is named endogenous secretory RAGE (esRAGE) (45) . esRAGE was found to neutralize the effects of AGEs on endothelial cells in culture (45) . Adenoviral overexpression of esRAGE in vivo in mice reverses diabetic impairment of vascular dysfunction (30) (Figure 4) . Thus, the decoy function of es-RAGE may involve a feedback mechanism by which esRAGE prevents the activation of RAGE signaling. It has also been suggested that some sRAGE isoforms that could act as decoy receptors may be cleaved proteolytically from the native RAGE expressed on the cell surface (50), suggesting heterogeneity of the origin and nature of sRAGE. This proteolytic generation of sRAGE was initially described in mice (51) . Thus, the molecular heterogeneity of the diverse types of sRAGE in human plasma could exert significant protective effects against RAGEmediated toxicity. However, the endogenous action of sRAGE may not be confined to a decoy function against RAGE signaling. In an HMGB1-induced arthritis model, for example, sRAGE was found to interact with Mac-1 and to act as an important proinflammatory and chemotactic molecule (52) . Further analyses are warranted to understand more about the endogenous activity of sRAGE.
sRAGE AND esRAGE AS POTENTIAL BIOMARKERS FOR CARDIOVASCULAR AND METABOLIC DISEASES
Because sRAGE and esRAGE may be involved in feedback regulation of the toxic effects of RAGE-mediated signaling, recent clinical studies have focused on the potential significance of circulating sRAGE and esRAGE in a variety of pathophysiological conditions. Table 1 summarizes currently available findings. First, Falcone et al. (53) reported that total sRAGE levels are significantly lower in patients with angiographically proven coronary artery disease (CAD) than in age-matched healthy controls. The association between circulating sRAGE and angiographic observations was shown to be dose dependent, with individuals in the lowest quartile of sRAGE exhibiting the highest risk for CAD. Importantly, this cohort consisted of a nondiabetic population, suggesting that the potential significance of sRAGE is not confined to diabetes. Falcone et al. also showed that the association between sRAGE and the risk of CAD was independent of other classical risk factors. The same research group also showed that patients with Alzheimer disease have lower levels of sRAGE in plasma than patients with vascular dementia and controls, suggesting a role for the RAGE axis in Alzheimer disease as well (54) . After development of an ELISA system to specifically measure human esRAGE (55), we measured plasma esRAGE and cross-sectionally examined its association with atherosclerosis in 203 type 2 diabetic and 134 nondiabetic age-and sex-matched subjects (56) . esRAGE levels were inversely correlated with carotid and femoral atherosclerosis, measured as intimal-medial thickness (IMT) by arterial ultrasound.
Stepwise regression analyses revealed that plasma esRAGE was an independent factor associated with carotid IMT, and was the third strongest factor, following age and systolic blood pressure (56) . Importantly however, when nondiabetic and diabetic groups were separately analyzed, inverse correlation between plasma esRAGE level and IMT was significant in the nondiabetic population only, suggesting potential importance of esRAGE in nondiabetic conditions ( Figure 5 ). Another study also reported no association of plasma es-RAGE with IMT in diabetes in 110 white type 2 diabetic subjects (57) . Another Japanese research group found an in-verse correlation between plasma es-RAGE and carotid atherosclerosis in type 1 (58) and type 2 diabetic subjects (59) . The association between plasma sRAGE and atherosclerosis must be con-firmed in larger studies, particularly in diabetic subjects, but recent findings suggest that plasma esRAGE and sRAGE may be markers for atherosclerosis and cardiovascular disease. Several metabolic components well established as risk factors for cardiovascular diseases have also been shown to be associated with altered plasma sRAGE and esRAGE levels. We have shown that plasma esRAGE levels are decreased in subjects with metabolic syndrome and are inversely correlated with several components of metabolic syndrome including body mass index, blood pressures, insulin resistance index, fasting plasma glucose, serum triglyceride, and lower HDL-cholesterol levels (56) . The majorities of these correlations remained significant even when the nondiabetic or type 2 diabetic subpopulation was extracted for analyses. An inverse correlation between esRAGE (and sRAGE) and body mass index was also found for con-trol subjects (60), those with type 1 diabetes (61), and those with end-stage renal disease (ESRD) (62) . Patients with hypertension have been found to have lower plasma sRAGE and esRAGE levels (56, 63) .
The findings regarding plasma levels of sRAGE in diabetes are quite confusing. We and other groups have found that plasma esRAGE level is significantly lower in type 1 and type 2 diabetic patients than in nondiabetic controls (56, 58) . Plasma sRAGE levels have also been shown to be decreased in diabetic subjects (64, 65) , although conflicting findings have also been reported for type 1 (66) and type 2 diabetes (67, 68) . We examined plasma sRAGE levels with a different ELISA system that uses esRAGE as a standard protein and different sets of antibodies against the whole RAGE molecule (69) . In our hands, type 2 diabetic subjects without overt nephropathy exhibited significantly (P < 0.001, Student t-test) lower plasma sRAGE levels (0.60 ± 0.28 ng/mL) than nondiabetic controls (0.77 ± 0.34 ng/mL). Of note, when diabetic subjects alone were extracted for analyses, a direct association was not observed between plasma soluble RAGE (both sRAGE and esRAGE) levels and the status of glycemic control (i.e., glycated HbA1c) (56, 57, 61, 64, 70) . These complex findings in diabetic subjects suggest that levels of plasma soluble forms of RAGE are not determined simply by status of glycemic control, and that even plasma esRAGE and sRAGE levels may be under the control of distinct mechanisms.
Another important component that can affect plasma sRAGE is the presence of chronic kidney disease (CKD), which may explain controversial findings of plasma sRAGE in diabetes. It has been shown that in peripheral monocytes from subjects with varying severities of CKD, RAGE expression is closely associated with worsening of CKD and is strongly correlated with plasma levels of pentosidine, a marker for AGEs (71) . Circulating sRAGE levels have been shown to be increased in patients with decreased renal function, particularly those with ESRD (57, 67, 72) . As shown in Figure 6 , plasma esRAGE levels in type 2 diabetic subjects without CKD are lower than those in nondiabetic controls, but levels gradually increased in accordance with progression of CKD. Plasma sRAGE levels in diabetic subjects without CKD were also significantly lower than those of nondiabetic controls ( Figure 6 ). Thus, plasma sRAGE and esRAGE are markedly affected by the presence of CKD, an association that might make the previous findings regarding comparison between nondiabetic and diabetic subjects quite controversial. It remains to be determined whether the increase in plasma es-RAGE in CKD is caused by decreased renal function alone or whether esRAGE D 1 3 ( 1 1 -1 2 ) levels are up-regulated to protect against toxic effects of the RAGE ligands. Successful kidney transplantation resulted in significant decreases in plasma sRAGE (73) , indicating that the kidneys play a role in sRAGE removal.
We recently reported an observational cohort study in which we longitudinally evaluated the effect of plasma esRAGE on cardiovascular mortality in patients with ESRD (62) . Patients with ESRD have been reported to have a substantially increased rate of cardiovascular mortality. The cohort in our study included 206 ESRD subjects who had been treated by regular hemodialysis for more than three months. The median follow-up period of the subjects was 111 months. At the end of follow-up, 132 patients were confirmed to be alive on hemodialysis and 74 to have died; 34 deaths were due to fatal cardiovascular events. Even though the plasma esRAGE levels at baseline were higher in ESRD subjects than in those without kidney disease, the subjects in the lowest tertile of plasma es-RAGE levels exhibited significantly higher cardiovascular mortality, but not noncardiovascular mortality (Figure 7) . Importantly, even in the subpopulation of nondiabetic subjects alone, low circulating esRAGE level was a predictor of cardiovascular mortality, independent of the other classical risk factors. Our findings thus suggest that low circulating es-RAGE level is a predictor for atherosclerosis and cardiovascular events in patients with ESRD. Because this study was designed to survey predictors for cardiovascular mortality in the population of ESRD patients, the number of fatal events was relatively small and statistical power may not have been high enough to detect important cardiovascular risk factors. Thus demonstration of the role of plasma esRAGE as a biomarker of cardiovascular mortality will require further large-scale prospective studies or nested case-control studies with required numbers of subjects calculated by power analysis.
It is not yet known how esRAGE is involved in cardiovascular mortality. In our ESRD cohort, neither plasma pentosidine nor carboxymethyl lysine level predicted cardiovascular mortality. Moreover, the inverse correlation be-tween low circulating esRAGE level and cardiovascular mortality was not dependent on plasma AGEs levels. Thus, the protective effect of esRAGE against car- D 1 3 ( 1 1 -1 2 ) Low plasma esRAGE level is a predictor of cardiovascular mortality in patients with ESRD. Cumulative mortalities in subjects with the lowest, middle, and highest tertiles of plasma esRAGE levels were estimated by Kaplan Meier analysis and the logrank test. Cardiovascular mortality in the lowest tertile of plasma esRAGE levels was significantly higher both in all subjects (A: P = .0028, n = 206) and in nondiabetic ESRD subjects (B: P = .0130, n = 171). In contrast, noncardiovascular mortality was not statistically different in all subjects (C: P = .89, n = 206) and in nondiabetic subjects (P = .91, n = 171). Modified from (62) . diovascular mortality may not be entirely dependent on neutralization of toxic AGEs. Other endogenous ligands for RAGE, such as S100A12, may also be involved in the function of esRAGE. The plasma level of S100A12 has been shown to be increased in diabetes and inversely correlated with serum sRAGE level (64, 74) .
DO sRAGE AND esRAGE DIFFER IN PATHOPHYSIOLOGICAL SIGNIFICANCE?
It is unclear whether the pathophysiological significances of circulating es-RAGE and sRAGE are distinct in different clinical settings. esRAGE appears to make up less than half of the total sRAGE in human plasma. In our analyses, the plasma esRAGE level in Japanese healthy subjects was found to be 0.25 ± 0.11 ng/mL (56) , whereas the mean plasma sRAGE level in white healthy controls has been reported to be 1.3 ng/mL (53) . We and others have shown that the plasma esRAGE level is decreased in diabetes (56, 58) . In contrast to esRAGE, findings regarding circulating sRAGE levels in both type 1 and type 2 diabetic patients are quite confusing and have been reported to be both increased (66) (67) (68) and decreased (64, 65) . Humpert et al. also showed that sRAGE but not es-RAGE is associated with albuminuria in patients with type 2 diabetes (57) . We recently described a head-to-head comparison of plasma esRAGE and sRAGE levels, using esRAGE as a standard protein and different sets of antibodies, and showed that plasma esRAGE level was about two-fold less than that of plasma sRAGE (69) . In this analysis, esRAGE and sRAGE levels were positively correlated, with a stronger correlation in healthy subjects than in type 1 diabetic patients. Because regulatory mechanisms are not understood for alternative splicing to generate esRAGE and for proteolytic shedding of cell-surface RAGE to generate sRAGE, the possibility of distinct roles for these forms of RAGE in certain disease conditions requires further examination.
SOLUBLE FORMS OF RAGE AS THERAPEUTIC TARGETS?
As described earlier, the potential usefulness of the soluble forms of RAGE for prevention and treatment of inflammatory diseases has been demonstrated in many animal models. Blockade of RAGE by administration of genetically engineered sRAGE successfully prevented the development of micro- (75, 76) and macrovascular complications in diabetes (17, 18, 20) . We have also shown that adenoviral overexpression of esRAGE successfully restored the impaired angiogenic response in diabetic mice (30) . Sakaguchi et al. found that administration of sRAGE markedly suppressed neointimal formation following arterial injury in nondiabetic mice (34) . Soluble RAGE has also been shown to effectively prevent the development of diabetes (40) , protect against tumor growth and metastasis (7) , improve the outcome of colitis (5) , restore impaired wound healing (28) , and suppress Alzheimer disease-like conditions (77) . These effects of soluble RAGE in animal models could be explained by its decoy function, which inhibits RAGE interaction with its proinflammatory ligands and might be applicable to human diseases as well.
Further application of soluble forms of RAGE to the treatment of human diseases will require answers to several questions. Most importantly, limited findings are available regarding the mechanisms of regulation of circulating esRAGE and sRAGE in humans. A tissue microarray technique using a wide variety of normal adult human organ and tissue sample materials obtained from surgical and autopsy specimens revealed that esRAGE was widely distributed in tissues, including vascular endothelium, monocyte/macrophages, pneumocytes, and several endocrine organs (78) . It is not yet known, however, from which organs or tissues plasma sRAGE and es-RAGE originate. Circulating AGEs may be involved in regulation of the secretion or production of soluble RAGE, because AGEs are known to up-regulate RAGE expression in vitro (79) . esRAGE may be simultaneously up-regulated by AGEs and act as a negative feedback loop to compensate for the damaging effects of AGEs. We and others have found positive correlations between plasma sRAGE or esRAGE and AGEs (60) (61) (62) 67) . As shown in Figure 8 , correlation between plasma esRAGE and pentosidine was modest in all subjects (r = 0.616, P < 0.001), and was also statistically significant in only two subpopulations, hemodialysis and nonhemodialysis subjects. Plasma esRAGE was also significantly correlated with plasma CML (P = .492, P < 0.001), but the significant correlation was lost in the two subpoulations of hemodialysis and nonhemodialysis subjects. AGEs-mediated regulation of soluble RAGE is further supported by the findings that the suppression of sRAGE expression in diabetic rat kidney was reversed by alagebrium blockade of AGEs accumulation (80) . Other inflammatory mediators, such as S100, tumor necrosis factor α, and C-reactive protein, are potential candidates for regulation of the plasma level of sRAGE in humans (64, 79, 81) . Moreover, Geroldi et al. (82) showed that high serum sRAGE is associated with extreme longevity, suggesting that understanding the intrinsic regulation of RAGE and soluble RAGE is important for longevity/antiaging strategies. Further understanding of the regulation of soluble RAGE will be helpful in identifying potential targets for its therapeutic application.
Also important is investigation as to whether currently available pharmacological agents can regulate plasma sRAGE or esRAGE. Forbes et al. (83) showed that inhibition of angiotensinconverting enzyme (ACE) in rats increased renal expression of sRAGE, and that this effect was associated with decreases in expression of renal full-length RAGE protein. These investigators also showed that plasma sRAGE levels were significantly increased by inhibition of ACE in both diabetic rats and human subjects with type 1 diabetes. One attractive theory arising from these finings is that the protective effect of ACE inhibition against progression of renal dysfunction is mediated through regulation of RAGE versus soluble RAGE production. Other potential agents that may affect circulating soluble RAGE include the thiazolidinediones (84) and statins (85, 86) , both of which are known to modulate the AGEs-RAGE system in culture. Very recently, a randomized, open-label, parallel group study was performed with 64 participants randomized to receive add-on therapy with either rosiglitazone or sulfonylurea to examine the effect on plasma soluble RAGE (87) . At six months, both rosiglitazone and sulfonylurea resulted in a significant reduction in HbA1c, fasting glucose, and AGE. However, significant increases in total sRAGE and esRAGE were seen only in the rosiglitazone group. Thus, thiazolidinedione is a promising candidate for increasing circulating levels of esRAGE and sRAGE. Future long-term prospective studies are warranted to evaluate whether modulation of circulating sRAGE can help to prevent atherosclerosis and cardiovascular disease.
Taken altogether, the findings discussed here indicate that the RAGE system plays a pivotal role in initiation and progression of atherosclerosis through regulation of vascular and inflammatory cells. sRAGE and esRAGE could serve as novel biomarkers for estimation of the risk of progression of atherosclerotic disorders. Further examination of the molecular mechanisms underlying RAGE and esRAGE regulation will provide important insights into potential targets for the prevention and treatment of cardiovascular diseases. . In all subjects, correlation between plasma esRAGE and both pentosidine (r = 0.616) and CML (r = 0.492) were significant (P < 0.001). Plasma pentosidine level was also significantly correlated with plasma esRAGE level in the two subpopulation of nonhemodialysis (open circle: r = 0.160, P = .005, n = 308) and hemodialysis subjects (closed circle: r = 0.216, P = .002, n = 206). In contrast, plasma CML level did not show significant correlation with plasma esRAGE level in the two subgroups of nonhemodialysis (open circle: r = 0.105, ns, n = 293) and hemodialysis subjects (closed circle: r = -0.030, ns, n = 204). Spearman's rank correlation test was used for analyses.
